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This invenfion relates to the prelmration of 
new and useful products from branched chain 
olefln polymers containing tertiary carbon atoms. 
More particularly, it is concerned with providing 
potent wetting agents by forming sulfonates oï 5 
suitable propylene polymers. 
Generally; it is known that aliphatic hydro- 
carbons do hot react with sulfuric acid in 'the 
saine manner as aromatic hydrocarbons to form 
sulfonic acids. Sulfonic acids are derived from 10 
some paralïin hydrocarbons by indirect methods. 
Straight chain olefins combine with sulfuric acids 
fo form sulfates. Very little information has been 
available with respect 0 the reactions 
bra_nched oleflns on accourir of variations and 15 
comp_lexities of branched olefln structures. 
I hve f0und that certain fractions of propyl- 
ene polymers are particularly adapted for syn- 
thesizing polar compounds of definite qualities 
even hoùgh these polymers are branched oleflns 20 
of varied structures. I have round that excep- 
tionally good surface active agents can be de- 
rived from various isomers prescrit in pentamer 
and hexmer fractions obtained in a selective 
polymerization of propylene. 25 
A primary object of this invention is fo provide 
satisfactory utflization of propylene çolymers in 
synthesizing valuable organic polar derivatives 
deflnite characteristics. 
A further object is to provde compositions 
controlled characteristics, such as tertiary alken- 
yl sulfonates of high wetting power by synthesis 
from isomers in certain propylene polymer frac- 
tions. 
Although most attention is given t0 the s _ulo- 
nate derîvatives for purposes of illustration, it 
is to be mderstood that other polar derivatives 
of controlled characteristics are provided also. 
To 0btin a selective formation of the propyl- 
ene polymers best utilized, and herein referred 
to as polypropylenes, propylene is treated wih 
the Friedel-Crafts catalyst BF, or its equivalent, 
at a temperature above 0 ° C. in the presence 
a small amount of a polar compound to acti- 
vae and control the catalyst. The most useful 45 
polar compounds for activating and controlling 
the catalyst are oxygenated organic compounds, 
e. g., alcohols, ethers, and the like. A polar 
organic compound, such as water, may be used 
in small amounts, but is less suitable in certain 
respects. The polar activating compound should 
be used in a proportion less than the molar pro- 
portion o the catalyst, otherwise the polymer- 
ization is stopped. 
The controlled polymeriation of propylene is 
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successfuily carried out in a continuous proces_s 
by admixing a feed stream of liquid propy!ene 
at a constant feed rate with BF and a sma!l 
amount of polar activating compound in a re- 
action zone, wherein a controlled temperature in 
the range of 0 ° C. fo 
cooling the reaction mixture and the propylene 
is kept liquid under suiïicient pressure in the 
range oî 10 fo 100 atmospheres, and after steady 
conditions are obtained, the polymer Product is 
ïemoved from the reaction zone, preferably at a 
lower volumetric rate of flow than the feed rate 
of the liquid propylene. 
The propylene polymer product removed from 
the reaction zone is given a finishing treatment, 
which, in general, comprises separation of ex- 
cess catalyst by releasing pressure, removal of 
residual catalyst from the polymer liquid by 
washing with an aikaline solution, such as aque- 
ous caustic solution, filtering through an ad- 
sorbent for clarifying the polymer oil, and vac, 
uum fractional distillation to obtain a number 
of fractions. 
Fractions of propylene polymers obtained in 
a typical continuous controlled propylene poly- 
merization reaction-are set forth as follows: 
TABLE I 
Ef]ec. o/.o9erain v,arRbes o/ proyene poly- 
rnerizaion reacio,n in coninuous uni 
Fee d: 
C cut of 85% propylene15% propane 1 
mole peçcet 
Activaor-!soprpyl ether 0.5 vol. percent 0f feed 
Pressure---190 p. s. i. g. 

Bath Temperature, °C ............... 
Propylene Feed Rate, V./V./hr ...... 
Weight Percent Oonversion on Pro- 
pylene ........... f ................. 
Product Distribution B. Pt. af 760 
mm. Hg, C.: 
0, 125-165 ....................... 
Ch, 165-220 ...................... 
Cl, 220-280 ...................... 
C, 280-320 ...................... 
C2b 320--350 ...................... 
C+, 350+ ...................... 

Trace 
14 
21 
29 
17 
19 

B 
17 
0.75 
98 
Trac 
21 
44 
10 
18 

C D 
50 50 
0.75 1.2 
92 32 
ça 39 
2 8: 
8 

50 Analytlcal results indicate that the polypropyl- 
enes contain tertiary carbon constituents, i e., 
carbon atoms bonded to hydrogen and three other 
carbon atoms, and contain a double bond which 
shifts to various positi0n.s, thus forming isomers 
55 with different boiling points. Despite the iso- 
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meric variations in the polypropylenes, certain 
fractions into which these poiymers can be sep- 
arated by distillation respond favorably to sulfon- 
ation reactions for obtaining surface active agents 
of outstanding qualities. 5 
Taldng into consideration the stated analyti- 
cal results and method of synthesis, the polypro- 
pylene products obtained may be regarded as 
having a composition represented by the follow- 
ing generaI formula: ]0 
I-CH(CH3) .CH. ]  
The methyl-ethylene group enclosed by brackes 
is the structural unit and the subscript n denotes 
the degree of polymerization or number of coin- 15 
bined monomeric units, n being an integer main- 
ly from 4 to 7. 
Despite the isomeric variations of the polypro- 
pylenes, I have round that the isomeric com- 
ponents within certain boiling ranges react sire- 20 
ilarly on condensation with acidic reactants to 
form tertiary alkenyl polar compounds which 
may be regarded as having the following gen- 
eral composition: 
['CH(CIl3) "CH2- ]-1[-C (CH3) :CHOIX 25 
wherein X represents a negative function or anion 
radical of the acidic reactant; and X is thus 
attached to the tertiary alkenyl group represented 
within the brackets. As before, n denotes the 30 
number of monomeric propyIene urfits in the 
polymer. 
The polypropyienes react t some extent directly 
with halo-sulfonic acids or sulfur trioxide, but 
much more completely with ether or dioxane coin- 35 
plexes of the two reagents, to form alkenyl sul- 
fonic acids which on neutralization vith alkali 
or alkaline earth compounds are converted into 
sulfonates that exhibit high wetting and deter- 
gency powers. However, by employing the halo- 
sulfoni c acids in combination with an ether com- 
pound such as dialkyl ether, dioxane, and other 
compounds containing the C--O--C structure, the 
yields of alkenyl sulfonic acid are markedly in- 
creased. Although in somi cases lower mole 
tios of ether/C1SO3H may be advantageously em- 
ployed, it is preferred, in general, 'to bave this 
value greater than 1.0. 
The sulfonation of the propylene polymers may 
be carried out by reacting one or more sulfona- 0 
tion agents with the polymers ai a suitable tem- 
perature in the range of --50 ° C. to ÷!00 ° C. 
The preferred range is --10 ° C. to ÷50 ° C. Ali- 
phatic or cyclic ethers containing one or more 
oxygen atoms are beneficially used with the sul- 
fonating agent. 
Although hot essential, a solvent, such as ethers, 
paraffin hydrocarbons, or any liquid which dis- 
solves one or more of the substances, may be used 
in the reaction mixtures. C0 
The reaction may be conducted in either 
batch or a continuous operation, if an excess of 
any reactant is employed or if the reaction is hot 
carried to completion, the unreacted materials 
may be separated from the reaction product and 
be recycled fo the reaction zone. The intermedi- 
are polypropylene sulfonic acid may be ionverted 
to alkali or alkaline earth salts before or after 
isolation from the reaction mixture. 
A procedure for carrying out the sulfonation of 70 
the polypropylene is briefly outlined as follows: 
Example 1 
A three-way flask equipped with a itirrer, a 
return condenser, a dropping unnel, and a ther- 75 
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mometer was charged with 6ï.2 g. of polypropyl- 
ene (B. P. 340-3ï{} ° C. at ï6{} mm. Hg) and 1{}{} cc. 
of solvent naphtha. The dropping funnel was 
charged with a mixture of 23.3 g. (0.2 mole) of 
chlorosulfonic acid and 23 cc. of dry ethyl ether. 
The chlorosulfonic acid-ether mixture was then 
added to the reaction flask drop by drop over a 
period of 15 minutes. The temperature rose from 
31.5 ° C. to 35.5 ° C. and the solution turned brown. 
h,çuch evolution of hydrogen chloride gas took 
place during the addition of the chlorosulfonic 
acid. The reaction mixture was then stirred at 
room temperature for 'l/e hours; thon 8 g. of 
sodium hydroxide dissolved in 50 cc. of water was 
added, with cooling and stirring. A little more 
diluted sodium hydroxide was added fo tender 
the solution permanently basic fo litmus. The 
solution was thon diluted with enough ethyl al- 
cohol fo make the solvent "/5% alcohol. 
The alcohol solution was extracted several 
times with solvent naphtha to remove substances 
soluble in naphtha. 
The naphtha extracts were combined and 
evaporated fo a residue which consisted of 26 g. 
of waxy soap, called product B. The unextracted 
aqueous alcohol solution of sulfonated polymer 
was evaporated fo dryness, leaving a residue 
designated as product A, which consisted of 21 g. 
of a rather light-colored sort soap. The product 
A was round tobe somewhat effective as a wetting 
agent and seemed to bave good lathering prop- 
orties although it did hot appear to be a very 
effective detergent, insofar as could be deter- 
mined qualitatively. The product A in a 0.2 
weight per cent concentration gave a clear solu- 
tion in water. Ifs wetting number was about "/ 
seconds as measured by the canvas disc. On ad- 
dition of 400 parts per million of calcium chloride, 
the solution became turbid and the wetting rime 
was increased fo 24 seconds. On acidification of 
the solution with sulfuric acid, the wetting time 
was reduced to 12 seconds. 
Further tests demonstrated more particularly 
the wetting powers of speciflc polypropylene frac- 
g5 
tions, sis shown in the following example: 
Example 2 
A refinery C stream containing 85% propylene 
was subjected to polymerization with 1 mole per- 
cent BF in a continuous unit employing a resi- 
dence rime of one hour and a temperature of 
18 ° C.-50 ° C. Small quantifies of isopropyl ether 
(about 1 volume percent with respect to the prop- 
ylene food) were added intermittently fo thé re- 
actor during the polymerization reaction to ac- 
tivate the BF catalyst. The propylene was main- 
tained in Iiquid phase under pressure of 190 
p. s. i. g. Substantially all the propylene was 
converted fo po]ypropy]enes with normal boiling 
points in the range of 125 ° C. to 350 ° C. Resid- 
ual catalyst was removed from the polymers by 
washing with aqueous caustic solution. Thon 
the polymers were filtered through an active clay 
and fractionally distilled under vacuum. 
Selected fractions of the propylene polymers 
obtained by the vacuum fractional distillation 
were subjected to sulfonation under the saine 
conditions. 
Quarter mole quantities of the C1, C, Cs and 
C2 fractions of the propylene polymers were each 
dissolved in 200 cc. of n-heptane and placed in 
separate glass reaction flasks equipped with me- 
chanical stirrers. Chlorosulfonic acid (0.3 mole) 
ws diluted with an equal volume of diethyl ether 



and lded to each of the h,trocarbon mixtures 
during ne hour. Af the end of one hour eac- 
tion peod  lig-ht xce of 30 eight ercent 
NaO was added o-ch ion mie d 
the mixtu were refled or one hour. e 
final :mixtes -were cooled and oily layers .sep- 
amted -were ew, porated to dryness on a ,steam 
bath. 
e following results show the elds of the 
residues and the relative wetting powers of these 
products: 
TLE II 

Po!ypropylene 
Fraction . 

retramers, Cl 
Pentamers, C15 
Iexamers, C18 ...... 
Heptamers, C 

B. Pt. Range 
at 760mm. 
Hg, 

165-220 
220-280 
280-32O 
820-850 

Weight Per- 
Cent Yield of 
Sodium Poly- 
propy]ene Sul- 
fonate Based 
on Polymèr 

8O 
8O 
100 
118 

Wettmg 
Time for.0.« 
] Weighf:Per. 
Cent C0nc. 
in HsO 

13. 
2. 
5. 
12. 

The above results indicate that the sulfonates 
of the pentamer and hexamer fractions have su- 25 
perior wetting power compared to the sulfonates 
of the lower and higher molecular weight poly- 
propylenes. Comparative data presented in the 
following tables show that the C15 polypropylene 
sulfonates have excellent wetting powers in coin- 30 
parison fo commercially available wetting agents  
and detergents. 
TABLE III 
lelative wetting powers by cavas dsc method 35 
Wetting Time 
in Secòhds at 
Prcduct Tested 0.2 Weight Per- 
DistflledCent Conc. in 40 
Isopropyl Nauhthalene Sodium Sulfonate .......... Wat85er . 
Sulfonated White Off .............................. 5. 5 
C5 Polypropylene Sodium Sulfonate ............... I 2. 2 

Detergëncy properties of the sulfonates de- 
rived from the specilïc polypropylene fractions 
were evaluated by tests which measure the ability 
of an agent to wet, disperse, and keep carbon 
black deflocculated in aqueous solutions. These 
tests correlate with washing characteristics, be- 
cause a substance has greater detergency power 
in proportion to ifs abflity to wet sofl on a fabric, 
to disperse the soil promptly af°er ifs removal 
from the fabric by mechanical action, and to 
keep the soil in suspension. 
Comparative detergency tests demonstrated 
that the sulfonates of the propylene pentamer 
and hexamer fractions are more efficient in cei- 
tain respects than compared detergents which 
have had wide commercial acceptance. For ex- 
ample, they show higher dispersion and defloc- 
culation efficiency compared to some of the com- 
mercial sodium alkyl sulfate detergents and 
higher wetting power compared to commercial 
sodium alkyl sulfonate detergents. Accordingly, 
they may be used as dispersing aids with the sul- 
fate detergents and as wetting agent aids with 
the alkyl sulfonate detergents. 
It will be noted that by speciflc selection of 
propylene polymer isomers boiling within a re- 
stricted range for the condensation reaction, a 
definitely more useful product of uniform char- 
acteristics is obtained with economy in materials 
and operations. 
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The polyprolene sulfonate -wetting agents 
maY he employ.ed effective.ly in the .textile .field. 
They may be used as such or mixed with de°er- 
gent buflders such as in0rganic salts, amines, 
5 amides, «lcohols, glycols, and the like. 
Since the amounts of the polypropylenes boil:- 
ing within particular ranges can be conrolled af 
will by the selective polyrnerization technique de- 
scribed and 'since it has been shown that certain 
10 fractions of ,the polymers thus obtained ,are 
amenable to a uniform reaction, a way is thus 
opened to prepare new products of controlled 
characteristics, such as are sui°able especially 
for use as wetting agents, as detergent aids for 
15 one kind of detergent or another, or as chemical 
intermediates. 
In accordance with the principles explained 
" certain fractions of the polypropylenes may be 
- reacted with other polar compounds such as oxy- 
20 halogen acids, nitrosyl chloride, oxides of 
trogen and sulfur, sulfur halides, hydrogen- 
halides, hydrogen sulfide, and others fo obtain 
speciflc products of uniform characteristics for 
a large variety of commercial purposes. 
I claire: 
1. A process for producing water-soluble ter- 
tiary alkenyl sulfonates of propylene polymers 
having 15 to 18 carbon atoms per molecule vhich 
comprises dissolving propylene polymers bofling 
within the range of 220 ° to 320 ° C. in a paraffinic 
hydrocarbon solvent, admixing chlorsulfonic acid 
and a dialkyl ether having about 4 carbon atoms 
per molecule with the resulting paraffmic hydro- 
carbon solution of the polymers, maintaining 
the resulting mixture ata temperature in the 
range of about --10 ° fo ÷50 ° C., removing hydro- 
gen chloride gas evolved from the solution, neu- 
tralizing the resulting mixture product in the 
solution with aqueous sodium hydroxide, sep- 
arating water-soluble tertiary alkenyl sulfonates 
by extraction with an aqueous alcohol from the 
hydrocarbon solution, washing the aqueous al- 
cohol ex°tact of tertiary alkenyl sulfonates free 
of hydrocarbon naphtha-soluble materials with a 
45 naphtha hydrocarbon solvent, then drying the 
washed aqueous alcohol ex°tact fo recover the 
water-soluble tertiary alkenyl sulfonates as a 
solid. 
2. A process for producing water-soluble ter- 
50 tiary alkenyl sulfonates of propylene polymers 
having 15 carbon atoms per molecule which com- 
prises dissolving propylene polymers boiling 
within the range of 220 ° C. to 280 °C. in a paraf- 
fmic hydrocarbon solvent, admixing chlorsul- 
55 fonic acid and a dialkyl ether having about 4 car- 
bon atoms per molecule with the resulting paraf- 
flnic hydrocarbon solution of the polymers, 
maintaining the resulting mixture af a tempera- 
ture in the range of about --10 ° to ÷50 ° C., re- 
60 moving hydrogen chloride gas evolved from the 
solution, neutralizing the resulting mixture prod- 
uct in the solution with aqueous sodium hydrox- 
ide, separating water-soluble tertiary alkenyl 
sulfonates by extraction with an aqueous alcohol 
65 from the hydrocarbon solution, washing the 
aqueous alcohol ex°tact of tertiary alkenyl sul- 
fonates free of hydrocarbon naphtha-soluble 
terials with a naphtha hydrocarbon solvent, then 
drying the washed aqueous alcohol ex°tact to 
70 recover the water-soluble tertiary alkenyl sul- 
fonates as a solid. 
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